BONE PLATE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation of the U.S. National Stage 
designation of copending International Patent Application No. PCT/CHO 1/00327, filed May 
28, 2001, the entire content of which is expressly incorporated herein by reference thereto. 
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TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to bone plates for fixation of long 
bones. More specifically, the present invention relates to bone plates for fixation of 
multiple-part and dislocated fractures of the long bones, such as those of the proximal 
humerus. 



BACKGROUND OF THE INVENTION 

In recent years, a common cause of fractures of the proximal humerus has 
been high-energy trauma. The occurrence of this type of fracture increases with age 
because the bone structure in the area of the proximal humerus degrades over time, such 
5 that only the edge zone of the bone in the region of the proximal humerus remains intact. In 
the event of a fall on an outstretched arm at advanced age, the bone commonly breaks in the 
area of the proximal humerus. 

One type of bone plate known in the art includes a head section and an 
elongated shaft portion. The head portion includes two pairs of holes forming a generally 

10 T-shaped configuration on the head portion. One disadvantage of this type of bone plate is 
that the hole configuration of the head portion may inhibit inserting screws into the intact 
bone structure located at the edge zone of the proximal humerus. Moreover, the known 
bone plates may lack angularly stable options in the plate holes. When using such a bone 
plate, it may be pressed by bone screws against the bone, a process called compression 

15 osteosynthesis. In compression osteosynthesis, the forces which arise are transferred via 
friction between the implant or plate and the bone, with the bone bearing most of the load. 
Under dynamic conditions, the axial pressure applied on the bone screws may cause the 
bone screws to tear out of the bone, and may result in a loss of the stability of the plate-bone 
construct. In order to achieve angularly-stable repositioning, some implants from the prior 

20 art required blades. The prior art surgical technique of using blades, however, requires 

greater time expenditure and is complex to use. Therefore, there remains a need in the art 
for bone plates having angular stability between the bone plate and the screws, simple 
handling, and optimum anatomic matching to the bone with no impediment to the relevant 
anatomic structures of the bone. 
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SUMMARY OF THE INVENTION 

The present invention is directed to a bone plate for fixation of bone 

fractures, for examples, fractures of the proximal humerus in which angularly stable 

osteosynthesis can be achieved. The bone plate may be used for both the left and also for 
5 the right humerus and may be optimally matched to the shape of a healthy proximal 

humerus. A first embodiment of the bone plate may include an elongated shaft portion 

having a first width and a head portion connected to the shaft portion having a second width 

greater than the first width. The head portion and the shaft portion may define a common 

longitudinal axis. At least one first screw hole may be located in the head portion, at least 
10 one second screw hole may be located in the shaft portion, and at least one of the first and 

second holes may be configured to engage a head of a bone screw to form an angularly 

stable connection with the bone screw. 

In one preferred embodiment, at least one of the first and second holes may 

be at least partially threaded, and the thread may have a pitch of about 0.5 mm to about 1.1 
15 mm. In another preferred embodiment, the thread may have a pitch of about 0.7 mm to 

about 0.9 mm. In yet another embodiment, the thread may be double threaded. 

In an alternative embodiment, at least one of the first and second holes 

includes at least a partial peripheral groove for engaging a head of a bone screw. The 

peripheral groove may be substantially wedge shaped. 
20 The bone plate according to the present invention may have a thickness 

ranging from about 1.7 mm to about 2.3 mm. In another embodiment, the bone plate may 

have a thickness ranging from about 1 .9 mm to about 2.1 mm. 

The head portion of the bone plate according to the present invention may be 

connected to the shaft portion at a transition area having a third width that increases from 
25 the first width to the second width. In one preferred embodiment the third width widens 

exponentially. 

The bone plate of the present invention may also have a portion of the shaft 
portion that is curved along the longitudinal axis. The portion of the shaft portion that is 
curved may preferably be in the form of an elliptical arc. In a preferred embodiment, the 
30 elliptical arc may be defined by a portion of an ellipse having a major axis with a length in 
the range of between about 150 mm and about 170 mm. Alternatively, the length of the 
major axis may be in the range from about 157 mm to about 163 mm. The elliptical arc 
may be further and/or alternatively defined by a portion of an ellipse having a minor axis 
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with a length in the range of between about 60 mm and about 80 mm. Again alternatively, 
the length of the minor axis may range of between about 67 mm and about 73 mm. 

According to the present invention, the bone plate may include a distal end 
of the shaft portion which lays in a first plane, and the head portion may lay in a second 
5 plane that is substantially parallel to the first plane. In yet another preferred embodiment, at 
least a portion of the bone plate may have a curvature that runs transversely to the 
longitudinal axis. The curvature may have a radius of curvature in the range from about 18 
mm to about 22 mm. Preferably, the curvature may run substantially over the entire length 
of the bone plate. 

10 The bone plate according to the present invention may further comprise an 

upper surface and a lower surface, wherein the longitudinal axis generally divides at least 
one of the upper and lower surfaces in half. In addition, at least a first pair of the first holes 
may be symmetrically disposed about the longitudinal axis and at least a second pair of first 
holes may be asymmetrically disposed about the longitudinal axis. The head portion may 

15 be connected to the shaft portion at a transition portion, and the at least one first pair of first 
holes may be located farther from the transition portion than is the at least one second pair 
of the first holes. In addition, at least one of the at least one second holes may define a 
central axis that is substantially perpendicular to the bone plate. 

According to another embodiment of the bone plate according to the present 

20 invention, the bone plate comprises an elongated shaft portion and a widened head portion, 
the shaft portion and the head portion defining a common longitudinal axis extending 
substantially centrally along the bone plate. A first pair of screw holes may be located in 
the head portion, and the first pair of holes may include a first hole having a first central 
axis and a second hole having a second central axis, wherein the first and second holes are 

25 asymmetrically disposed about the longitudinal axis. A second pair of screw holes may be 
located in the head portion, and the second pair of holes may include a third hole having a 
third central axis and a fourth hole having a fourth central axis, wherein the third and fourth 
holes are symmetrically disposed about the longitudinal axis. The first central axis may lay 
in a first plane and the second central axis may lay in a second plane that is substantially 

30 parallel to the first plane. When the first central axis and the second central axis are 

projected onto a third plane substantially orthogonal to the longitudinal axis, the first central 
axis and the second central axis may intersect to form an acute angle. Preferably, the acute 
angle is between about 50° and about 60°. In yet another preferred embodiment, the acute 
angle may be between about 46° and about 54°. 



According to the present invention, the third and fourth central axes may be 
substantially parallel to one another. Moreover, the bone plate may include an upper 
surface and a lower surface, wherein preferably, at least one of the third and fourth central 
axis forms an obtuse angle with respect to the lower surface. The obtuse angle may 
preferably range from about 92° to about 98°. In an alternative embodiment, the obtuse 
angle may range from about 94° to about 96°. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred features of the present invention are disclosed in the accompanying 
drawings, wherein similar reference characters denote similar elements throughout the 
several views, and wherein: 

FIG. 1 is a top view of an illustrative embodiment of a bone plate according 
to the invention; 

FIG. 2 is a sectional view of the bone plate of FIG. 1, taken along the line II- 

II of FIG. 1; 

FIG. 3 is a perspective view of the bone plate of FIG. 1; and 
FIG. 4 is a side view of the bone plate of FIG. 1. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIGS. 1 to 4, an illustrative embodiment of a bone plate 
according to the present invention is shown. Bone plate P may be used for fixation of the 
long bones, such as, for example, fixation of the proximal humerus. Plate P may include an 
5 elongated shaft 1 having a length greater than its width x. Plate P may also have a head 2, 
preferably spoon-shaped, with a width y which is greater than the width x of the elongated 
shaft 1 . The elongated shaft 1 and the head 2 may have a common longitudinal axis 3 and 
may be interconnected by a transition area 26. Transition area 26 may widen from the 
width x of the elongated shaft 1 to the width y of the head 2. According to one preferred 

10 embodiment, transition area 26 may widen exponentially from width x to width y. 

A large number of screw holes 9, 10, 16, 17, and 24 may be located in the 
elongated shaft 1 and in the head 2. In one preferred embodiment, the screw holes 24 
provided in the elongated shaft 1 may have an inside thread 28 intended to engage a head of 
a bone screw. By using screws with a threaded head, an angularly stable bone construct is 

1 5 formed which can maintain the hold of the bone plate even under dynamic conditions. 
Preferably, the inside thread may be multithreaded, for example, double-threaded. In an 
alternative embodiment, holes 24 may include one or more partially peripheral wedge- 
shaped grooves or keys intended to engage a head of a bone screw. The central axes of the 
holes 24 in the elongated shaft may be substantially perpendicular to the upper and/or lower 

20 surfaces of the shaft 1 . 

The screw holes 9, 10, 16, 17, located in the head 2 of the bone plate P may 
also have an inside thread 27 for engaging a head of a bone screw. Thread 27 is preferably 
multithreaded, for example, double-threaded. The inside thread 27 may alternatively have 
partially peripheral wedge-shaped grooves or keys for engaging the head of a bone screw. 

25 The thread pitch of inside threads 27, 28 or the partially peripheral wedge- 

shaped groove or key is preferably about 0.8 mm, although other pitches are possible. This 
relatively small thread pitch may allow secure anchoring of the screw head in a thin section 
of the plate P. For example, a section having a thickness in the range from about 1 mm to 
about 2 mm. Accordingly, the thickness of the plate may be made very thin without 

30 adversely affecting the stability of the plate-screw construct. The thickness of the bone 
plate preferably is about 2 mm. 

As shown in FIG. 4, the elongated shaft 1 may be shaped and dimensioned to 
match the anatomy of the unbroken human proximal humerus. For example, shaft 1 when 
viewed in the direction of the central axis 3, may be at least partially curved. The curvature 

-8- 



may be defined by an elliptical arc 21, in which case, the length of the major axis 22 of the 
ellipse which defines the elliptical arc 21 may be in the range of between about 150 mm and 
about 170 mm. More preferably, the length of the major axis may be in the range from 
about 157 mm to about 163 mm. According to one preferred embodiment, the length of the 
5 major axis 22 may be about 160 mm. The length of the minor axis 23 of the ellipse which 
defines the elliptical arc 21 may be in the range of between about 60 mm and about 80 mm. 
More preferably, the length of the minor axis 23 may be in the range of between about 67 
mm and about 73 mm. According to one preferred embodiment the length of the minor axis 
23 may be about 70 mm. The curvature of the elongated shaft 1 and/or the head 2 may be 

10 configured and dimensioned such that the free end 5 of the elongated shaft 1 and the head 2 
lay in planes which are substantially parallel to one another. By providing plate P with the 
above-described shape and configuration, the plate P may rest cleanly on the bone without 
interfering with any of the relevant anatomic structures. 

At least a portion of bone plate P may have a curvature which runs 

15 transversely to the central axis 3. Preferably, the curvature has a radius of curvature in the 
range of about 18 mm to about 22 mm. As shown in the exemplary embodiment of FIG. 2, 
the bone plate P may have a curvature 6 (transverse to the central axis 3) with a radius of 
curvature of about 20 mm. The curvature may extend substantially over the entire length of 
plate P. One advantage of the bone plate configuration is that no irritation of the soft tissue 

20 occurs. For example, when the arm is raised, the bone plate is prevented from hitting the 
acromion of the shoulder. 

As shown in FIGS. 1 and 2, the proximal portion 8 of the head 2 (i.e., the 
free end) may have at least two holes 9, 10 which are arranged substantially symmetrically 
to the central axis 3. Referencing FIG. 4, holes 9, 10 may have axes 11,12, which may 

25 form an angle 13 with the surface 14. The angle 13 may range from about 92° to about 98°, 
and preferably from about 94° to about 96°. According to one preferred embodiment, angle 
13 may be about 95°. By using screws with a threaded head, an angularly stable bone 
construct may be formed which can maintain the hold of the bone plate even under dynamic 
conditions. A contact angle in these ranges may increase the contact surface with the solid 

30 bone since solid bone material may be present only in the edge zones of the relatively 
hollow humerus head. 

As shown in FIGS. 1 and 3, the distal portion 15 of the head 2 (which may 
border the transition area 26, if provided) may have two holes 16, 17 which may be 
arranged asymmetrically to the central axis 3. Holes 16, 17 may have axes 18, 19 which 

35 may lay in planes that are parallel to one another and/or which may be orthogonal to the 



central axis 3. The projection of axis 18 into the parallel plane which contains axis 19 may 
include an angle 20. Angle 20 may be preferably in the range of about 40° to about 60°, 
more preferably about 46° to about 54°. According to one preferred embodiment, angle 20 
may be about 50°. One advantage of this configuration is that one or more of the screws 
5 which are to be inserted into holes 16, 17 may be anchored in the small tuberculum, which 
often breaks in fractures of the proximal humerus. It may be more preferable that none of 
the axes 11, 12, 18, 19 of holes 9, 10, 16, 17 (which maybe arranged symmetrically and/or 
asymmetrically to the central axis 3) intersect. According to this configuration, the bone 
screws which are to be inserted into the holes 9, 10, 16, 17 do not interfere with one 
10 another. 

While preferred embodiments and features of the present invention have 
been disclosed herein, it will be appreciated that numerous modifications and embodiments 
may be devised by those skilled in the art. It is intended that the appended claims cover all 
such modifications and embodiments as fall within the scope of such claims and that the 
15 claims not be limited to or by such preferred embodiments or features. 
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